To investigate if the ethyl-pyruvate solution could reduce mortality in AP and/or diminish the acute lung injury.
Introduction
Mild acute pancreatitis has a low mortality rate, but patients with severe acute pancreatitis (SAP) are more likely to have complications and a much higher death rate. Severe pancreatic injury occurs in 20% of the patients, and 15% to 25% of these patients will end in fatality 1, 2 . The amplifying effects of inflammatory and oxidative impairment often lead to SAP-induced complications, which are often regarded as hallmarks of SAP and herald a noted poor outcome. Since respiratory dysfunction is the main cause of death in patients with SAP, elucidating the critical period of acute pancreatitis-associated lung injury (APALI) is clinically important. Even though the pathogenesis of APALI has been studied worldwide in the past years, efforts of researchers mainly focused on inflammatory factors 3 .
Current studies have shown that some inflammatory mediators play an important role in SAP complicated with multiple organ injury [4] [5] [6] . This suggests an intricate balance between localized tissue damage with proinflammatory cytokine production and a systemic, anti-inflammatory accelerator of inappropriate migration of proinflammatory agents into the blood stream. The main critical players of this interaction include the pro-inflammatory cytokines IL-1, TNF-alpha, IL-6, IL-8 and metalloproteinases, among others.
Matrix metalloproteinases (MMP) act in processing matrix proteins, cytokines, growth factors, and adhesion molecules.
In addition, it has been reported in the literature that MMPs play a role in cell signaling 7 . Matrix metalloproteinases 2 and 9 are very important mediators in tissue inflammatory response and have also been implicated in acute lung injury [8] [9] [10] .
The initial management of SAP is supportive based on fluid resuscitation, analgesia, enteral nutrition and thromboprophylaxis 11 . Therefore, effective therapy directed to prevent or reverse over-inflammatory response, oxidative stress and intestinal barrier damage will be critical and ideal for the development of new treatment strategies of SAP and improve its prognosis.
Ethyl pyruvate (EP), a simple derivative of pyruvic acid, is also an reactive oxygen species (ROS) scavenger, but seems to exert pharmacological effects, such as suppression of inflammation, distinct from those exerted by pyruvate anion. Treatment with EP has been shown to improve survival and/or ameliorate organ dysfunction in a wide variety of pre-clinical models of acute illnesses, such as severe sepsis, acute pancreatitis and stroke [12] [13] [14] .
Therefore, we reasoned that EP might also be protective against ALI, acting on inhibition of early and late inflammatory cytokines.
The present study was designed to evaluate whether EP could be beneficial in a rat model of severe acute pancreatitis ALI.
Methods

Experimental protocol
The experimental protocol was approved by the Ethics Forty male Wistar rats, weighing 270-330g, were housed in individual cages. Room temperature was kept at 21-22°C, a 12-hour light-dark cycle was maintained, and all rats were fed standard rat chow and water ad libitum. They were fasted overnight before surgery.
Induction of AP
The rats were operated on under aseptic conditions, and were anesthetized with subcutaneous ketamine (10 mg/kg) and xylazine (8 mg/kg). The pancreas was exteriorized through a midline abdominal incision, the proximal bile duct was clamped at the level of the liver hilum, and the distal bile duct was cannulated using a 19-gauge polyethylene catheter through the duodenal wall ( Figure 1 ). AP was induced by intraductal retrograde injection of 0.5 ml 2.5% sodium taurocholate (Sigma-Chemical Company TM , St. Louis, Mo., USA), under pressure control. Injection flow was 0.2 ml/min. Previous studies in our laboratory with this model have shown a mortality rate of 35% after 72 h 10, 15 . After making sure that there was no active bleeding in the abdominal cavity, the abdomen was closed in layers. 
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Study design
The animals were randomized into the following 2 experimental groups. Treatment was provided after three and six hours after AP induction. Rats of CT-group were controls and were given intraperitoneal injections of Ringer solution treatment.
Those in EP-group were submitted to intraperitoneal Ringer ethylpyruvate solution treatment (50mg/kg). The volume of Ringer infused in CT group was calculated to present the same amount as EP group. No antibiotics were administered before, during, or after the procedure. The rats returned to their cages with free access to water after surgery. Two hours later, all animals were again anesthetized and underwent laparotomy and thoracotomy. The thorax was opened, the left atrium was incised, and the lung was perfused in situ with PBS via the pulmonary artery. The flushed lungs were removed immediately, frozen in liquid nitrogen, and stored at -80°C until use. The animals were then, euthanized with ketamine overdose.
In order to study acute lung injury, lung tissue specimen were taken for study of the following parameters: interleukin-1B (IL-1), interleukin-6 (IL-6), interleukin-10 (IL-10), tumoral necrosis factor (TNF-a), myeloperoxidase (MPO), maleicdialdehyde (MDA), metalloproteinase 2 e 9, nitric oxide and heat shock protein 70 (HSP70).
Survival protocol
The second experiment was designed to determine the effect on rat survival of treatment with EP solution (50 mg/ kg). Severe acute pancreatitis was induced the same way and the animals were given endovenous fluid resuscitation treatment in groups CT and EP. After surgery, rats were housed in a dry and clean room at a temperature of 20-26°C, and 12h later standard chow and water were freely available. These animals were not reoperated and were kept to record mortality up to ten days after the procedure. Mortality was observed and recorded every day. 
Lung tissue preparation
Gelatin zymography
Supernatants from tissue preparation were diluted to a protein concentration of 1 mg/mL. Twenty-microliter aliquots were applied to 10% polyacrylamide gels with 1% gelatin incorporated as a substrate for gelatinolytic proteases. After running the gel, 
Cytokine measurements
The concentrations of TNF-a, IL-6 and IL-1b were measured using commercially available enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, MN)
according to the manufacturer's instructions. The sensitivities for TNF-a, IL-6 and IL-1b were 15 pg/ml, 5 pg/ml and 5 pg/ml, respectively. 
MDA
Results
Macroscopic findings
Autopsies were carried out on dead rats. In all cases, much yellow or bloody exudate with a slight smell would come out of the peritoneal cavity when the abdomen was opened. The gastrointestinal tract was obviously ectatic and edematous. The intestine would expand to 2-3 times of normal with gas and fluid inside and with a thinner wall. The pancreas was swollen and dark colored with some local hemorrhagic spots (Figure 2 ). Yellowwhite saponified spots were always found in the peripancreatic omentum and retroperitoneum. The lower part of the spleen was always dark black. A pancreatic or hepatic abscess could be
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observed if the rat died after the 4th day or later. Compared with SAP group, the severity of macroscopic changes was remarkably attenuated in the EP group. FIGURE 2 -At re-laparotomy, the lung was resected and freezed. The pancreas was swollen and dark colored with some local hemorrhagic spots, revealing an acute necrotizing pancreatitis, induced by the artificial bile, taurocholate 2.5%.
Ringer ethyl-pyruvate solution reduces interleukin-6 in the lungs
The Table 1 shows the IL-6 measurement following the Ringer-EP treatment and the Ringer (CT group). As it can be seen in Figure 3 , the levels of IL-6 were significantly lower in the EP group, when compared to the CT group. t(18)= 2.23; 95%IC= 1.70 a 55.58; p= 0.038. 
Ringer ethyl-pyruvate solution diminishes MMP-2 in the Lungs
The MMPs are released upon neutrophil degranulation and aid in basement membrane digestion and neutrophil sequestration in the lung. Pulmonary MMP-2 activity demonstrated after AP was markedly high when compared to the CT group at eight hours.
There was significant difference in the serum gelatinase profiles of the two experimental groups. The Table 2 shows the MMP-2 measurement following the Ringer-EP treatment and the Ringer (CT group) As it can be seen in Figure 4 , the levels of MMP-2 were significantly lower in the EP group, when compared to the CT group. t(8)= 4.86; 95%IC= 4347.95 a 12212.05; p= 0.001. As shown in Tables 3 and 4 , no differences were found in IL-1B, IL-10, TNF, NO, MPO, MDA and MMP-9. Furthermore, EP group animals had levels of HSP70 activity comparable to that of the control. Nevertheless, the significant differences between groups concerning IL-6 and MMP-2 show an important role of the EP in inflammatory response. 
Ethyl pyruvate improves survival in rats with acute pancreatitis
As expected, all ten of the rats in the control group died until the third day of severe AP induction ( Figure 6 ). In contrast, in the group with pancreatitis treated with Ringer-EP, only one of ten animals (10%) reached the tenth days of this period of observation.
Seven of ten (70%) rats in the EP group survived after the third day. Survival time was significantly longer in the EP group than the CT group (p = 0.011). 
Discussion
The pathophysiological events in experimental acute pancreatitis consists of activation of pancreatic enzymes within acinar cells, the release of these activated enzymes in the interstitial, the autodigestion of the pancreas, and the release of activated pancreatic enzymes and other factors into the circulation that result in the development of multiple organ dysfunction.
Currently, the factors that determine the ultimate severity of the acute pancreatitis remain uncertain 16 .
ALI is the most common and severe complication of SAP Our data showed that administration of EP even when initiated 3h after induction of ALI significantly increased survival.
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The levels of the IL-6 had decreased significantly. The expression of MMP-2 was also significantly affected; indicating that EP modulation of inflammatory cytokines contributes to the beneficial effects on survival.
Conclusions
Ethyl-pyruvate (EP) treatment in established severe acute pancreatitis (SAP) lung injury reduced the severity of AP and the mortality rate in an animal model of SAP. These findings suggest that EP strategies are of potential therapeutic value in the treatment of associated lung injury (ALI) in severe AP.
